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CENTRAL FAX CENTtR 

IN THE UNITED STATES PATENT AM> TRADEMARK OFFICE Jy^^ ^ j ^gg^ 
AppUcaiit(«): Filippi,et«I. Conf- No.: 5696 



Serial No.: 



J0/7i 1,697 Art. Unit: 2822 



Filed: 9/30/2OO4 ExMniner: Au,BacH. 



TH1«: 



GAS DIELECTRIC Docket. No.: FIS920040188US1 

STRUCTURE FORMING (IBMF-0067) 



METHODS 



Mail Stop AnKjndment 
Coniihisssioncr for Patents 
P.O. Box 1450 
Alexandria, VA 22313-1450 



DECLARATION UNDER 37 C.F.R. 1.131 



We, the Applicants in the above-identified patent application, declare as follows: 



1 . That wc an; the inventors of the SMbject matter described and claimed in the above- 
patent application. 



2. That prior to January 23, 2004, we conceived of a method of forming a gas dielectric 
structure for a scmioonductor structure, the method comprising the steps of; 

forming an opening for semiconductor structure in a dielectric layer on a substrate; 

depositing a sacrifiGial layer over the opening auchthat the sacrificial layer fails to 
substantially fill the opening; 

pcrfomiing a directional etch on the sacrificial layer to fbnn a sacrtficial layer sidewdll on 
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the opening after depositing the sacrificial layer; 

depositing a conductive liner over the opening after perfottning the directional etch; 
depositing a metal in the opening after depositing the conductive liner; 
planarizing the metal and the conductive liner after depositing the metal; 
lanoving the sacrificial layer sidewall after the metal and the conductive liner are 

planarized, fonning a void; and 

depositing a cap layer over the void to form the gas dielectric structure. 



3. That prior to January 23. 2004, we conceived of a method of forming a g»s dielectric 
Structure for a semiconductor structure, the method comprising the steps of: 

perfomiing a dual damascene process to fomi an opening including at least one wiring 
opening and at lea^ one via in a dielectric layer on a substrate; 

depositing a sacrificial layer over the opening; 

pwtbrming a difcctional etch on the sacrificial layer to foim a sacrificial layer sidewaJl 
wherein the directional etching removes the sacrificiol lay^ only from substantially horizontal 
surfiices; 

depositing a conductive liner over the opening after perfoiming the directional etch; 
depositing a metal in the opening after dqjositing the conductive liner; 
planarizing the metal and the conductive liner after depositing the metal; 
removing the sacrificial layer sidewall after the metal and the conductive liner are 
planarizedi forming a void; and 

depositing a cap layer over the void to form the gas dielectric structure- 
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4. That prior to Januaiy 23, 2004, we conceived ofa method of fi^nnmg a ^ 

stfuctiBC for a semiconductor structure, method comprising the steps of: 

perfonning a via-firet dual damasccac process to form an opening including at least one 

wiring opening and at least one via in a dielectric layer on a substrate; 

depositing a sacrificial layer over the opening such that the sacrificial layer foils to 

substantially fill the opening; 

perfonning a directional ^tcb on the sacrificial layer to form a sacrificial layer sidewall, 

wherein the directional etching lemovcs the sacrificiaJ layer only from substantially horizontal 

surfaces; 

depositing a conductive liner over Ae opening after performing the directional etch; 
depositing a metal in the opening after d^ositing the conductive liner; 
planarizing the metal and the conductive liner after depositing the metal; 
removing the sacrificial layer sidewall ajfter the metal and conductive liner are planarized, 
forming a void that extends along a side of the at least one via; and 

depositing a cap layer over the void to form the gas dielectric structure. 

5. That the piroent invention is described in Disclosure of Invention C*Exhibtt A") 
submitted to the IBM Corporation Patent Department on February 20, 2004, wherein the present 
invention is specifically described in the "Main Idea £br Disclosure FIS 8-2004-0088'* C^Exhibit 
B'\ at pages 2-3. Exhibit B comprises a printed form of the doctmienL lliikcJ to EivliiUl A 
Exhibit A, text line 41 ). 
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6. That the time ond date stamps appearing in Exhibits A and B were automatically 
generated by IBM Corporation's archival system, and have not been, and can not be, manually 
input, modified, edited, or changed in any way. 



7. That, subsequent to the conception of the invention, and up until the patent application 
filing date of September 30, 2004, we diligently and actively assisted the IBM Coiporation 

t 

Patent Department in the planning, prepaiatioa, review, and filing of the abovc^identificd patent 



application* 



Declarants further state that the above statements made of the declarants" own knowledge 
are true, and that all statements made on infortnation and belief are bdieved to be true. 
Declarant makes the above statem.ents with the knowledge that willful false statements and the 
like are punishable by fine and/or in)prisotunent, or both, under § 1001 of Title 1 8 of the United 
States Code, and that any such willftil false statement may jeopardise the validity of this 
application or any patent resulting thcrefiom. 



Date; 



Ronald G. Filippi 



Date; 



Roy C. rgguldcn 



Date: 



Edward D. Kicwra 



Ping-Chuan Wang C 
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6. That Ihe time and date stmpsappcarix^^ 

gcsnerated by IBM Corporation's archival system, and have not been, and can not be, mamiatly 
input, modified, edited, or chaaged in any way. 

7. That, subsequent to the conception of the in vention, and up until the patent application 
fding date of September 30, 2004, we diligently and actively assisted the IBM Corporation 
Patent Department in the plannir^fc preparation, review, and filing of the above-identified patent 
applicatton. 

Declarants further state that the above statements made of the declarants' own knowledge 
- are true, and that all statements made on information and belief are believed to be true. 
Declarant makes the above statements withthe knowledgc that willful fidse statemoajs and tiie 

* ■ 

like arc punishable by fine and/or imprisonment, or both, under § 1001 of Title 18 of the United 
States Code, and that any such willful false statement may jeopaidize the validity of this 
application or any patent resulting therefi'om. 

Date: . 

Ronald G. Filippi 

Date: f ^0^1- ^hj^ 

' Roy C. Ilgdlden 

Date: \ . - 

Edward D. Kiewra 

Date: _ ' . 

Ping-Cbuan Wang 

Serial No. 10/711,697 

PAGE 1 5/22 * RCVD AT 1/31/2007 4:51 :49 PM [Eastern Standard Time] * SVR:USPTO-EFXRF-5/2 ' DNIS:2738300 * CSID:51 8 449 0047 * DURATION [mmpMi 



JAN.31'2007 17:03 518 449 0047 HOFFMAN V7ARNICK D ALESSANRO LLC #2502 P. 016 

JflN 31 '07 16:28 FR iBil BUSINESS SUPPORT 9l4 945 2141 TO 915184490047 P. 05 



6. That tbe time and dtte stanQ)s appear!^ 

generated by IBM Cozporacion's archival systetn, and have not been, and cm not be, manually 
inprut, modified^ edited, or choagod in any way. 

7. That, subsequent to the conception of the mvention, icad up until the patent apphcation 
filing date of September 30, 2004, we diligeatly and actively assisted the IBM Corporation 
Patent Department in the planning, preparation^ review, and filing of the above^idcsntified patent 
application. 

Declarants fimbcr state that the above statements made of the declarants' own knowledge 
are true, and that all statements made on infonuation an^ 

Declarant naked the above statements with the knowledge that willful jGaJse statements an d the 
like are punishable by fine and/or imprisonment, or both, undff § 1001 of Title 18 of the United 
States Code, and that any such wiUfed false statMicnt may jeopardize the validiry of this 
^plication or any patent resulting therefrom. 

Date: 

Ronald G. Fll%)pi 



Roy C. Igguiden 
Edward^, Kiewia 



Ping-Chuan Wang 

4 
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Disclosure FIS 8-2004-0D8B 

Prepared for and/or by an IBM Attorney - IBM Confidential 

Created By Roy IflguWen Qft 01/23/2004 04:08:57 PM EST 
Last Modified By Entarprtse Aqentmor On 05/12g004 01:33:05 AM EDT 



Requlrad fielde sre marked wfih the asiBrtBfc C) end must to fUlad In to completo tha fcimi . 

*11tia of dlsdcsurB (In EnQlish ) 
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Main Idas for Dlselodure FtSS«)OMOW - continued 



Main Idea for Disclosure FIS 8-2004^088 

Prepared for end/or by an IBM Morney - IBM Confidentiel 
Archived On 03/2472004 01:02:24 AM 



Tide of dtedoeuro (inEngDeh) 

Metfiod and structure for Birgap fDrmetlDn 

Main Idea 

1 Backgrourid:Wh9t Is the probterrt solved by your inwntion? OescnT:>e Icnowri gluttons tD Ihte 

(If sny). What ei^ the drawbecks of such known solutions, or why Is an addrtJonal eoluoon required? cite 

any relevanttBchnlcal documents or references. 

Thb Invention provides capacitance improvement for interconnect devices by using an a^rgap created by 
a sacrtficiBi nner maiertaL Capadtance taiprovemenis can be also made with low K dielectrics, however 
our method does not rely on exotic/new niaterlBl sots. Our invention addresses the 
fermetfon of a locel 'Air-gap* which also reduces the overall BEOL capadlance . Simple capacitance 
modollknn of parallel wires shows that even a small air-gap near the wire results In a vBSttmprovement in 
the overall K for the structure (ox: a 10% atr^p per edge will reduce the effectl^^ dletecW constant of an 
oxkje dielectric from 4.0 to 2.5). Others have created air-gap structures ftir low K BEOL however our^ 
is unique in that It js eaelly hitegrtrted mtodan^soene wire tormatton, where prtor art eddrosses RIE oaaefl 

struduies. 



Modelled benefits ftonft eldewail Air-flepi 



Improved dielectric constant due to Air-gap 



0 3 

o 

1 2.5 

TP 

£ 1 5 




Ox>=3.75 
Ox=4.0u 



0.1 0.2 0.3 0.4 

Air-gap thickness per edge/Line space 



0.5 



Pdntad 09/1 6/2004 at 04:1 6:27 PM 

PAD8 1 
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Main Idea for Dl&dofiure FISB-200*-OOB8 - continued 



2. Sutnrmiry of Invention: Briefly describe the oore Mee of your [nventton (sfMng thedetalls ^[q"!^"^ 
#3 below). Describe the advaniaae(s) of using your invention Instead of the known soluaons described 

above* 
Advantages: 

•f Reduced BEOL capacitance 

+ Easily Integratabfa 

+ Mechanically stable 

-t- Requires no new masking levels 

3. DescripUon: Describe howyouf inventfon works, and how It could be Implemented, using taict, diagrams 
and flow charts as appropriats. 



Prxwessflow FJQURES: SpacarJ«r^Gap.PR2 

An fBferenw to figures refer to the figures contained In ihe above file. Figures em labeled accordihg to 
page nurriber. 

On© precBssflow which Blustrates the concept of our Invention is coniained In the foUowng taxi. 
Siarflng on any normel substratB, eeld lay^r 100. with aiiv i»m»l oondurt^^ ^^^^^1 ^^a,^ ^ 
patterned in substrBte. eald layer 110. depoelten ILD. said layer 120. A hard rn^ teyer can be added on 
top of ILD. eald layer 130 (see flg. 1). Said layer 120 can be eny of numerous tl^fe Indudjng l?ul not 
limited tD oxide, fluorinated oxide. SilK. SICOH. black diamond, etc. Said 'air«"130fw»^°"y« ^ 
numerous hard masks Including but not limited to oxide, nitride, oxyriltrlde. blok, n-btok, et^Naj ™ 
and vlas are pattemBdlnto the eald 1 20 end 130 layers by any siantterd '*»a'f!I2f«=^f^'*S^^^ 9 
(noie this invention could also be done in single dameseenB processing or in rhatal RIE as well). Figure z 
niu8tiBiB8 the dual damascene pattarrung. Aflret liner, said layer 140. Is deposited into the previously 
patterned dual damascene features as shown In Figure 3. nils liner can be any of numerous Bnw 
maierlais mcludlno but not limliBd to tantalum (Ta). tantalum nitrWe (TeN), titanium CTJ). titanium nitride 
(TIN), tungsten (W). Nb. etc A eacrtflcal layer, said Igyer 160. Is deposited on top '^^'"^^^^^^ 
shown in Fiaote 4. This sacrrfidal layer can be any of numerous maienals mdudlng but i»t ln™»o » 
aluminum (Ah. oxIdB, Ti. etc A directional etch is then done <m> the said sacrlfidal layer ISO to form a 
bewail layer, said layer 1 60. as shown In Figure 5. This leaves the secrlfieal layer on the aaswalls of the 
>^s and nnes but removes It from the bottom of the vlas and lines. Next an additional Hner(8). raid layer 
170 Is depostted followed by a metol layer, said iayer 1 80, es shown in Figure 6. Said finer 170 c«n be 
any material as mentioned for said liner 140. Said metal iayar 180 can be aiiy of numerous metel teyere 
induding but not liitited to copper (Cu), Al. gold (Au), sllvsr (Ag), or alloys there of. Said layers 1 40. 170 
and 180 are poHshsd back by chemical mechantcai polishing to form patterned dual damascene smictur^ 
as shown In Figure 6. Now saU sldewen/sacrlflcal layer 1 60 Is now removed by a wet or dry selecthre ^ 
from the metal Bne's sides as shown in Rgure 7 to femi air gap. said layer 1 90, A cap, said layer 2M; is 
then deposited on top of the overall structure so that cap does not go to -far into air gap as shown In Figure 
B Thbsiructurecan. of course, be usedforapyeuhaequantlayorsaswell. 

Additionally Rgure 0 shows that the process could also worlc without aforementioned mar layer 
140 where sacrfflcla'l layer is deposited next to ILD- Also. Figure 10 iilusffates that In a vtefirrt dual 
damascene application said air gap 1 90 has the opportunity to go down Into one side of the >rta to well. 

The following table shows some materials that can be used as the secrlfieal layer and what 
diemkaal may be used to etch them thatvrauki be selecdve to tha other contact ptniits. 



Sacrlflctal Laver 


ILD 


Elchant 




Al 


3xide 


H20 + NaOH f10:1) 




Al 


Dxide 


H20 + HCI (1:1) 




axide 


low k material 


H20 + HF(1:1) 













^ ^ Printed at 04:1 B:27PM 
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Main tdoa Itir Dlftdofiure RS8-2004^0B8 - eonttnued 



bxWe' 


low k material 


HF+HCIt1:1> 
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